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CLAIMS: 

1- A metthod for generation of sine I and cosine Q branches of a digital phase 
locked loop c omprising the step of processing a digital sampled signal divided into 
pluraUty of frames having substantially equal nitmber of samples comprising the 
steps of: 

(a) representing an angular frequency of the signal for each frame 
having number k of said plurality of frames as a sum of a nominal 
aigular frequency component co^, being a common value to said 
plurality of frames, and an angular frequency component A<o* 
depending on the fimne number k and having an absolute value 
substantially smaller than a reversed value of a frame size multiplied by 
a sampling time increment A/; 

(b) calculating for a frame from said plurality of frames data indicative of 
values of analytical functions including trigonometric functions 
depending at least on said nominal frequency; 

(c) storing flic data obtained in step (b); 

(d) generating said sine I and cosine Q branches by utilizing the data of 
tlte analytical functions stored in step (c), values of the component A©'^ 
ajid the increment At for substantially all frames of said plurality of the 
fifames. 



2- The 
for amplitude 



ijfiethod of claim 1 wherein said digital phase locked loop is utilized 
demodulation and envelope extraction. 



25 3- The method of claim 1 wherein step (b) and step (c) are performed offline* 



4. The ntethod of claim I wherein step (d) is performed on line. 



I 
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5. The ]jnethod of claim 1 wherein said analytical functions are arrays of sine 
and cosine cjmpanents a^'K a^^\ b^"^ and b^;^ calculated according the following 
equations: 

«f'>s/„sin(e>o«A/); 
5 o('^s/^cos(a>o/iA/); 

wherein f„ are taps of a low-pass filter; <i^o is said nominal frequency component; 
A? is a sampling time increment; n = 1.2, .... N; and N is the number of samples in 
10 the frame. 



6. The 
and cosine 
equations: 



method of claim 1 wherein said analytical ftinctions arc arrays of sine 
components ai^\ ai'K P^^^ and calculated according tibie following 



15 



^(0 = 

wherein fn 
20 is a time 
in the frame. 



7. The 
of values of 
25 periodicity 



ajte taps of a low-pass filter; (o^j is said nominal frequency component; 
ipcrement; n^l,2,„,N/2; p-(N-^l)/2; end N is the number of samples 



nkethod of claim 1 wherein step (b) of calculating the data indicative 
the analytical functions is perfomied by utilizing a property of 
oflthe trigonometric functions. 



8. The n method of claim 1 wherein the step of generating said sine and cosine 
branches comprising the steps of: 
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(i) calcolatmg consequently frame by frame for each ^-th frame the 
intimediate quantities < l\ H , Ql > A* • ' 

(ii) calculating the sine / and cosine ^ branches; 

wherein l^t-.-; ^he calculations ai« perfoimed according to the following 

I 

5 equations: 



4' 



-^0 



= cos(^*) ; 
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A 
B 



and 
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wherein 9* Is the current phase estimate of the signal; and Aco* is said frequency 
component d|epending on the frame number, 

20 9. The jnethod of claim 1 wherein the step of generating said sine and cosine 
branches coi^prising the steps of: 

(i) calculating frame by frame for each ^-th frame the intermediate 

quantities S:\ S;" \\ /*, A^ a*,^'.5^;and 
(u) cdculating the sine / and cosine ^ branches; 
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wherein it - 1 
equations: 



12.., and the calculations are performed according to the following 



^/2 
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and 

/ 
Q 

wherein 9^ 



k 



^cH.:*«ot^ r^-F the simal' Aco^ is said frequency 
is the current phase estimate ot tne signal. 
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compone* dkpanding on *e tane number; A, is the sampling time m«ement 

10 A method for generation of sine I and cosine Q branches of a disJtal phase 
locked loop Comprising a,e step of processing a digi«l sampM sigmi divided ^ 
plnralhy of U« having subsBntial^ equal number of samples compri«ng *e 

steps of: ^ . J • T A 

(a) ialculatmg and storing a trigonometric component of said sine I ^d 

cosine Q branches independent of said frames; 
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(b) generating said sine and cosine branches using at least (i) mostly 
njultiply and accumulate operation for substantially all of said frames, 
ajid (ii) said stored trigonometric component. 

5 11. A digital phase locked loop (PLL) module configured to receive a digital 
sampled sigijal divided into plurality of frames having substantially equal number 
of samples, frequency of the signal for each frame of said plurality of fimnes is 
represented ea; a sum of a nominal frequency component, being a common value to 
said plurality of frames, and a frequency component depending on the frame 
10 number and having an absolute value substantially smaller than a reversed value of 
a fimie siz(j multiplied by the sampling time increment, the PLL module 
comprising: 

(a) at least one Table Memory Unit configured for storing data indicative 
of values of analytical functions including trigonometric functions 

15 depending at least on said nominal frequency; 

(b) ai: least one multiply-and-accumulate xmit provided with the data stored 
in said at least one Table Memory Unit and configured to sum the 
results of multiplication of said digital sampled signal and said values 
of analytical functions &amo by fi-ame; 

20 (c) at least one Branch Computation Unit receiving the output provided by 

s^id at least one multiply-and-accumulate unit and generating sine I and 
cosine Q branches; 
(d) at least one phase detector for generating an error signal for locking 
tlie PLL and providing said error signal to said at least one Branch 

25 C Computation Unit, 

12. The PLL module of claim 1 1 for use in amplitude demodulation, further 
comprising sm envelope computation xmit for receiving the sine and cosine 
branches from said at least one Branch Computation Unit and computing an 
30 envelope of said digital sampled signaL 



I 



13- The PLL module of claim 12, wherein said at least one phase detector is 
further sync^onized by a synchronization signal delivering phase information of a 
carrier to the PLL for determination of a sign of the envelope. 



5 14. The 
is further 
of analytical 
nominal firec uency. 



PLL module of claim 1 1 wherein said at least one Table Memory Unit 
coupled to a computing unit for calculating said data indicative of values 
functions including trigonometric functions depending at least on said 



10 15. The jPLL module of claim 11 wherein said analytical functions stored in 
said at least l^ne Table memory Unit are airays of sine and cosine components aj^^^K 
^n^^ ^ff^ ^1^^ calculated according the following eqiiations: 

15 feW^wA/.^^*^; 

wherein aire taps of a low-pass filter; <^o is said nominal frequency component; 
A/ is the sampling time increment; n = 1,,.,, N; and is the number of samples in 
the frame. 
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16. The F|LL module of claim II wherein said analytical functions stared in 
said at least orie Table memory Unit are arrays of sine and cosine components ai^\ 
aS;,^ , p^f^ and pj;^ calculated according the following equations: 

= /. cos[6>o - pM ; 

P!:'^^(h-p)Ata^K 
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wherein fn aire taps of a low-pass filter; <^o is said nominal frequency component; 
A/ is the san^pling time increment; n=l,2,.., N/2', p^(N-^l)/2; and N is the mimber 
of samples ir . the frame. 



5 17. The 

multiplicatio:^ 
functions by 
frame accordling 



*LL module of claim 11 wherein the summing of the results of 
of the sampled digital signal 5* and said values of analytical 
said at least one multiply-and-accumulate unit is performed frame by 
to the following equation: 



10 



It 



thereby obtaining the intermeidiate quantities /* , . /A©*, and Q^/Aco^, 



15 18- The 
muItiplicatioTL 

functions by 
frame according 



r = 



20 



«=1 



LL module of claim 11 wherein the sujnming of the results of 
of the sampled digital signal and said values of analytical 

isaid at least one multiply-and-accuraulate unit is performed frame by 
to the following equation: 
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wherein 



thereby obtsiining the intermediate quantities > So*, /f/^^*. and Q^/^oy^ 



19. The 
Computation 



PLL module of claim 17 wherein said at least one Branch 
Unit is configured to receive the intermediate quantities ^o, Qo, 



/Ao^, /Ao^ from said at least one midtiply-and-acciimulate units and generate 
the sine / and cosine Qf^ branches according to the following equation: 



wherein 



and 



A 
B 



wherein cp^ is 



the current phase estimate of the signaL 



/AcD 



20 20. The 
Computation 

the sine/ancL 
I' 

25 

wherein 



PLL module of claim 18 wherein said at least one Branch 
Unit is configured to receive the intermediate quantities , So , 
from said at least one multiply-and-accumulate imit and generate 
cosine ^ branches according to the following equation: 



<7^ =sin(/?£i)*Ar + ^*); 
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4"* = cbs(pco^At + ; 



and 



5 wherein <p'^ is 



B 



the current phase estimate of the signal. 



21. In a 

frame of said 
module of 
10 multi-i 



nmlti 



-transmitter 



22. The 
communicatibn 



i-transmitter environment an array of PLL modules operating on a 
plurality of frames in accordance witii claim 11, wherein each PLL 
s4id array is implemented, respectively, for each transmitter of said 
environment. 



fLL module of claim 11 for use in Cellular Phones and Wireless 
technology. 



15 23, The FLL module of claim 1 1 for use in MRI and NMR medical systems. 

24. The FLL module of claim 11 for vise in RF commimication components of 
digital receivtars. 

20 25, The P(LL module of claim 1 1 for use in radar systems. 

26. The PfLL module of claim 1 1 for use in sonar systems. 

i 

27, The |*LL module of claim 11 for use in navigation technology and 
25 apparatuses. 



28. The PLL module of claim 1 1 for use in car safety systems. 
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29. The P^^L module of claim 11 for use in RF-based systems for antenna 
positioning. 

30* The PLL module of claim 11 for use in industrial applications for motor 
5 control. 

31. A prdgram storage device readable by machine, tangibly embodying a 
program of instructions executable by the machine to perform method steps for 
generation of sine and cosine branches of a digital phase locked loop comprising 

10 the step of processing a digital sampled signal divided into plurality of firames 
having equal ntmiber of samples comprising the steps of: 

(a) representing an angular frequency of the signal for each frame 
having number k of said plurality of frames as a simi of a nominal 
akigular frequency component being a common value to said 
fjlurality of frames, and an angular frequency component Aco* 
c^epending on the frame number k and having an absolute value 
substantially smaller than a reversed value of a frame si^se multiplied 
by a sampling time increment A/; 

(b) (calculating for a frame from said plurality of frames data indicative of 
^^alues of anal3rtical functions including trigonometric functions 
depending at least on said nominal frequency; 

(c) Storing the data obtained in step (b); 

(d) generating said sine I and cosine Q branches by utiliidng the data of 
he analytical fimctions stored in step (c), values of the component 
pid the increment At for substantially all frames of said plurality of the 
frames. 

32. A computer program product comprising a computer useable medium 
having computer readable program code embodied therein for generation of sine 
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and cosine biianches of a digital phase locked loop the computer program product 
comprising: 

comijuter readable program code for caxising the computer to represent an 
angular frequjency of the signal for each frame having number k of said plurality 
5 of frames as ^ sum of a nominal angular frequency component g>(?, being a common 
value to sai<i plurality of frames, and an angular frequency component A©* 
depending on the frame ntimber k and having an absolute value substantially 
smaller than a reversed value of a frame size multiplied by a sampling time 
increment 

10 computer readable program code for causing the computer to calculate for 

a frame from said plurality of frames data indicative of values of analytical 
functions including trigonometric functions depending at least on said nominal 
frequency; 

comjjuter readable program code for causing the computer to store the data 
15 indicative of values of analytical fimaions including trigonometric functions 
depending at least on said nominal frequency; 

computer readable program code for causing the computer to generate said 
sine I and cosine Q branches by utilizing the stored data of the analytical functions, 
values of the! component Aco* and the increment At for substantially all frames of 
20 said plurality I of the frames. 
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